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INTRODUCTION 
The Chemical Research P r o j e c t s  O f f i c e  has  a cont inuing  e f f o r t  i n  
researching  and developing materials f o r  aerospace a p p l i c a t i o n s .  
t hese  materials are polymeric systems f o r  h igh  temperature  and/or  long-term 
use .  An outgrowth of t h i s  e f f o r t  has  been the  development of polymers wi th  
improved f i r e  s a f e t y .  I n  t h e  recent s tudy of r i s k s  (o r  nonr i sks)  us ing  
epoxyjcarbon f i b e r s  i n  commercial t r a n s p o r t  ope ra t ions ,  f i r e  e f f e c t s  on t h e  
release of f i b e r s  w a s  impor tan t ;  t h e r e f o r e ,  the f i r e  e f f e c t s  on the epoxy com- 
p o s i t e  were s tud ied .  Experimental  programs w e r e  e s t a b l i s h e d  i n  t h e  Navy 
because some advanced a i r c r a f t  con ta in  epoxy composites.  
i n t e r e s t e d  i n  developing a s a f e t y  p r o t o c o l ,  e s p e c i a l l y  w i t h  regard  t o  exposure 
of expe r imen ta l i s t s  and s h i p ' s  crew t o  the p y r o l y s i s  products  of t h e  epoxy 
composite. These r e s u l t s  could a l s o  he lp  e s t a b l i s h  a d a t a  base f o r  subsequent 
i n d u s t r i a l  o r  m i l i t a r y  f i r e s .  
Many of 
The Navy w a s  a l s o  
EXPERIMENTAL SYSTEM 
I n  our  l a b o r a t o r y  a combustion toxicology test i s  being developed t o  
sc reen  new materials. This  system i s  c a l l e d  t h e  r a d i a n t  pane l  t es t  f a c i l i t y .  
Presented h e r e  are a d e s c r i p t i o n  of t h e  f a c i l i t y  and some pre l iminary  r e s u l t s  
from tes ts  on a Navy 3501-6AS composite,  a t y p i c a l  composite f o r  f i g h t e r  
a i r c r a f t  . 
The test f a c i l i t y  w a s  designed 
1. 
2. 
3. 
F igu re  1 shows an o v e r a l l  view of the test  system. 
To expose a material t o  a s imulated f i r e  condi t ion .  
To determine t h e  p y r o l y s i s  products  generated.  
To s tudy  the e f f e c t s  of t h e  p y r o l y s i s  p roduc t s  on test  animals.  
A t  t h e  top  of t h e  
chamber i s  t h e  sample exposure area; a t  the bottom are t h e  atmospheric and 
animal t e s t  areas. 
v e r t i c a l  conf igu ra t ion  from a load  c e l l ,  t h e  sample can be exposed t o  a r ad i -  
a n t  f l u x  and/or  a s m a l l  JP-5 pool  f i r e  o r  small hydrogen i g n i t i o n  flame. The 
r a d i a n t  source  i s  a n  e l e c t r i c a l l y  powered pane l  which can provide  up t o  
F igure  2 shows the sample exposure area. Suspended i n  a 
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5 W/cm2 f l u x  a t  t h e  sample su r face .  
ing  JP-5 i n  a s m a l l  pan beneath the  sample. Ven t i l a t ion  of t h e  chamber can be 
va r i ed .  
The JP-5 pool  f i r e  i s  achieved by burn- 
I n  t h e  atmospheric a n a l y s i s  area, t h e r e  are 3 kinds of atmospheric 
probes,  shown i n  f i g u r e  3 .  A hypodermic sy r inge  w a s  used t o  o b t a i n  samples 
of v o l a t i l e  components such as  CO,  0 2 ,  and C 0 2 .  These w e r e  analyzed by 
chromatography and i n f r a r e d .  
I n  some cases a e r o s o l  samples w e r e  a l s o  obtained from sc rap ings  of d e p o s i t s  
on t h e  chamber w a l l s .  
spectrometry.  Where poss ib l e ,  photomicrographs of t he  a e r o s o l s  were a l s o  
taken t o  examine s i z e .  A scrubber  w a s  used t o  absorb a c i d i c  o r  b a s i c  gases ,  
such as HCN, H2S, and NH3. Scrubbing s o l u t i o n s  w e r e  analyzed us ing  s p e c i f i c  
i on  e l ec t rodes .  
Aerosol samples w e r e  t rapped on a I Ern f i l t e r .  
Samples w e r e  analyzed us ing  chromatography and m a s s  
Two types  of test animals w e r e  s tud ied ,  rats and m i c e .  R a t s  were 
r e s t r a i n e d  s o  they only inhaled t h e  atmospheres. Their  r e s p i r a t o r y  and 
c a r d i a c  responses  w e r e  recorded dur ing  exposure. 
f i g u r e  4 .  Blood enzymes i n  the  rats w e r e  a l s o  analyzed. The concent ra t ion  
of t hese  w a s  i n d i c a t i v e  of t i s s u e  n e c r o s i s  i n  the  lungs and t h e  n e u r a l ,  
ca rd iovascu la r ,  l i v e r ,  and kidney systems. The rats w e r e  a l s o  autopsied a 
few days a f t e r  exposure. 
The r a t  module i s  shown i n  
Mice i n  t h e  tests w e r e  condi t ioned t o  jump on a po le  t o  avoid an  e lectr ic  
shock i n  a g r id  on the  cage f l o o r .  The test  module i s  shown i n  f i g u r e  5.  The 
m i c e  l earned  t o  jump given a l i g h t  o r  sound s i g n a l  warning t h a t  t he  g r i d  w a s  
t o  be e l e c t r i f i e d .  Delays i n  r e a c t i o n  t i m e  due t o  exposure are a measure of 
the  animals '  a b i l i t y  t o  escape. The t i m e  de l ay  given t h e  l i g h t  o r  sound i s  a 
measure of t he  loss of avoidance response;  t h e  de lay  given the  shock i s  a 
measure of t h e  l o s s  of escape response.  This  t e s t  i s  a modi f ica t ion  of one 
developed a t  t h e  Stanford Research I n s t i t u t e .  
I n  a l l  tests both types  of animals were observed f o r  o v e r t  symptoms dur- 
ing  exposure. I n  some cases tests f o r  mutagenici ty  w e r e  a l s o  run. 
I n  t h e  o r i g i n a l  pane l  chamber des ign ,  t h e  r a t i o  of t h e  sample weight t o  
chamber volume w a s  sca led  similar t o  t h e  r a t i o  of pane l  weight t o  passenger 
cabin  volume i n  a wide-bodied j e t .  A t  t h e  beginning of t he  Navy tests, t h i s  
r a t i o  w a s  no t  a v a i l a b l e  f o r  m i l i t a r y  a p p l i c a t i o n s ,  so t h e  wide-bodied j e t  
weight-to-volume r a t i o  w a s  used. Future  tests w i l l  inc lude  a lower r a t i o  
i n d i c a t i v e  of composite usage on advanced a i r c r a f t  i n  a i rcraf t  carrier hangar 
decks.  I n  one of t he  p re sen t  tests, the  smallest sample, t h i s  r a t i o  a l s o  
w a s  similar t o  t h a t  proposed f o r  a f u e l  sav ing  a p p l i c a t i o n  of epoxy/carbon 
f i b e r  composites as f a c e  s h e e t s  f o r  w a l l  pane l s  i n  advanced commercial air- 
c r a f t .  Tables  1 and 2 summarize these  t y p i c a l  weight-to-volume r a t i o s .  
48 2 
RESULTS AND DISCUSSION 
The epoxy r e s i n  t e s t e d  has  a molecular s t r u c t u r e  s i m i l a r  t o  t h a t  shown 
i n  f i g u r e  6. Thermogravimetric ana lyses  (TGAS) of t he  r e s i n  i n  n i t rogen  and 
i n  a i r  are shown i n  f i g u r e  7.  
The 
i t  g ives  
about 2% 
r e s i n  i n  both  cases begins  t o  pyrolyze a t  about 300" C. 
a char  y i e l d  of about 35% a t  650" C.  I n  a i r ,  a t  650" C y  i t  is 
o r  almost t o t a l l y  consumed. 
I n  n i t r o g e n  
A summary of t he  a c t u a l  test cond i t ions  f o r  the  pre l iminary  experiments 
i s  shown i n  t a b l e  3 .  Besides  sample weight o r  a d i f f e r e n t  sample mounting, 
t he  major d i f f e r e n c e  between experiments was a flame o r  nonflame condi t ion .  
The k inds  of atmospheres generated va r i ed  markedly depending on whether t he  
r e s i n  burned. The sample burned only when both r a d i a t i o n  and an  i g n i t i o n  
source ( t h e  hydrogen flame) w e r e  p re sen t .  
When flames occurred t h e r e  w a s  a n  inc rease  i n  CO2 and decrease  i n  02  
compared t o  a nonflame case .  Flames a l s o  r e s u l t e d  i n  l a r g e  q u a n t i t i e s  of HCN 
being genera ted ,  whi le  l i t t l e  w a s  generated i n  t h e  nonflame case. I n  one 
case a f lash-over  cond i t ion  r e s u l t e d  and HCN w a s  even more ev ident .  Flames 
a l s o  changed t h e - n a t u r e  of t he  ae roso l ;  ae roso l  material found as major com- 
ponents i n  t h e  nonflame case w a s  no t  apparent  i n  the  flame case. Typical  
atmospheric ana lyses  exemplifying these  c h a r a c t e r i s t i c s  are shown i n  
t a b l e s  4-7.  
Toxic e f f e c t s  w e r e  more severe  f o r  t h e  flaming condi t ion  i n  t h e  animal 
tests. I n  t h e  nonflame case, al though animals survived the  t e s t ,  they 
exhib i ted  symptoms which could r ep resen t  a decrease  i n  a b i l i t y  t o  escape 
( see  t a b l e  8).  These animals a l s o  w e r e  exposed t o  one p o t e n t i a l  carcinogen,  
a n i l i n e ,  and t h e r e f o r e  might show long-term h e a l t h  e f f e c t s .  (The f e r t i l i z e d  
egg tests a l s o  showed t h e  atmosphere generated had p o t e n t i a l  mutagenic and 
o the r  e f f e c t s . )  I n  t h e  flame case no t  only w a s  t h e r e  a decrease  i n  a b i l i t y  
t o  escape,  measured by the  avoidance and escape response,  b u t  a l s o  many m i c e  
d ied .  Although t h e  rats survived these  tests, on autopsy t h e r e  w a s  ex t ens ive  
pulmonary edema and kidney damage. 
t a b l e  9 ,  and f i g u r e s  8 and 9. 
Some t y p i c a l  r e s u l t s  are shown i n  
FUTURE WORK 
Addi t iona l  tests are planned wi th  a 5208 r e s i n  a t  lower weight-to-volume 
These tests w i l l  i nc lude  r a t i o s  similar t o  a i r c r a f t  s to red  i n  a hangar deck. 
exposure t o  a small JP-5 f u e l  f i r e .  The JP-5 test  system i s  shown i n  f i g -  
u r e  10. 
t es t  animals is  shown i n  t a b l e  10 and f i g u r e  11. The t o x i c  e f f e c t  of t he  
JP-5 f u e l  py ro lys i s  a lone  w i l l  be s tud ied  as a b a s e l i n e  f o r  comparison. 
A t y p i c a l  test  on a s m a l l  JP-5 f i r e  i n  t h e  chamber without  epoxy o r  
I n  a d d i t i o n ,  s e p a r a t e  s t u d i e s  wi th  test animals are underway t o  t r y  t o  
determine whether t h e  animal symptomology can be c o r r e l a t e d  w i t h  j u s t  t he  
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h i s t o r i e s  of CO, HCN, o r  HCN/CO mixtures  generated i n  prev ious  pane l  tests. 
Tests us ing  j u s t  t h e  a n i l i n e  h i s t o r i e s  may determine i f  a n i l i n e  o r  i t s  reac- 
t i o n  products  cause t h e  kidney damage. Because of t h e  presence of p o t e n t i a l  
carcinogens,  a new h o s t  mediated assay  is  being developed t o  test f o r  muta- 
g e n i c i t y  of a e r o s o l s  reaching t h e  lungs of test animals.  
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TABLE 4.- NO FLAME - AEROSOL ANALYSIS" 
[Radiant-panel test 3501-6AS-21 
I Aerosol concentration 
Aniline 
n,n dimethylaniline 
p- to luid ine 
n-etaniline 
Methylquinoline 
Quinoline 
Indo le 
Methylindole 
- 
Organic volatile 
material 
ppm in gas form 
83.8 68.3 
7.4 11.0 
7.9 10.9 
2.0 1.8 
17 .3  8.2 
13.2 7.5 
5.6 2.2 
9.6 4.4 
, 
Time , 
min 
0-7 
7-13 
13-17 
17-20 
b No. 2 No. 3' 
Flame Flame Flashover 
3501-6AS-3 3501-6AS-4 3501-6AS-5 
CN-, ppmb CN-, ppmc CN-, ppm d 
6.2  Trace 400 
533 460 1052 
446 302 972 
180 304 890 
1 
mg liquid/m3 
320 260 
37 55 
35 48 
10 9 
102 48 
7 40 
27 11 
52 24 
U Aerosol no. 1 was too diluted for analysis. 
Time was 5-10 min; total gas was 0.982 liters; 
Time was 10-20 rnin; total gas was 1.964 liters; 
b 
total volume of methanol was 2.7 m l .  
e 
total volume of methanol solution was 2.5 ml. 
b' CSample f lowrate 80 ml/min. 
Sample flowrate 160 ml/min. d 
487 
02, CH4 
% ppm 
20.13 --- 
20.06 10 
20.08 26 
19.9 500 
19.7 618 
19.5 720 
19.5 694 
CH2CH2, CH3CH3 Propane, Propylene, 
PPm PPm PPm PPm 
--- --- -_-- --_ 
--- --- --- --- 
70 200 40 250 
70 340 120 340 
130 440 3 10 400 
150 500 230 430 
140 5 20 270 380 
and HCN were not found. Two unknown peaks may be COS and CH3C1. 
Maximum concentration for COS was 300 ppm, and maximum concentration 
for CH3C1 was 650 ppm. 
Flux level 2.48 watts/cm2 
Time, 
min 
5 
7 
9 
12.5 
15 
18 
20 
TABLE 7.- FLAME (FLASHOVER) - GAS ANALYSIS IN ANIMAL CHAMBER 
[Radiant-panel test 3501-6AS-31 
Gas concentration 1 
CO, C02 
ppm % 
0 ' 0 , 6 8  
200 .83 
510 .83 
1000 1.03 
1480 1.04 
2040 1.20 
2200 1.26 
Time, 
min 
1.54 
1.65 
2.96 
3.17 
4.14 
3.90 
0 
4 
8 
12 
16.4 
20.2 
0 17.92 Trace 
0 17.44 
1060 16.3 
2200 15.47 
2620 15.01 
2500 15.12 
PPm 
Flux level 2.48 watts/cm2 
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Figure 1.- Radiant pane l  f a c i l i t y .  
Figure 2.- Sample test area. 
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Figure 3.- Atmospheric test probes. 
Figure 4 . -  Animal test area - rat module. 
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Figure 5.- Animal test area - mouse chamber. 
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Figure 6.- Resin molecular s t r u c t u r e .  
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Figure 7.- Thermogravimetric analysis of resin, 
49 5 
Figure  8.- Pulmonary edema. 
F igu re  9.- T i s s u e  n e c r o s i s .  Radiant  pane l  test 3501-6AS-5. 
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Figure  10.- Modified r a d i a n t  pane l  f a c i l i t y  f o r  JP-5 tests. 
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Figure  11.- Sample temperature  vs t ime f o r  JP-5 f i r e  test. 
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